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CONFERENCE  ON  SURFACES  OF  BIOMATERIALS 
BIOTECHNOLOGY— BIOINTERACTIONS  '87 

1  INTRODDCTIOH 

Blolntcractlons  *87:  Surfacas  of 
BloBaterlala/Blotachnology,  tha  aacond  of 
thaaa  intamatlotial  conferencaa,  was  hald 
at  Churchill  Collaga,  Caabrldga,  UK,  froa 
6  through  8  July,  1987.  Tha  confaranca 
wac  aponsorad  by  tha  Journal  Biomatcriala 
(Buttarworth  &  Co.  Publlshara  Ltd,  UK) 
and  organlzad  by  M.  Korndorfar  of  Buttar¬ 
worth  with  tha  aid  of  an  Intarnatlonal 
aclantlflc  conailttaa.  Tha  Offlca  of  Naval 
Rasaarch  also  provldad  aoaa  support  for 
this  wali-organlsad  and  tlaaly  confar¬ 
anca. 

Tha  total  attandanca  of  149  co*- 
*  prlaad  sclantlata  from  nlna  Wast  Europaan 
countrlaa  as  wall  as  tha  UK,  Israal,  US, 
Australia,  Kanya  (Africa),  and  Bulgaria. 
Abou^  65  parcant  of  tha  partlclpanta  rap- 
rasantad  acadaalc  Inatltutlona  with  tha 
balanra  tram  Industrial  organizations. 

Tha  ala  of  tha  confaranca  was  to  an- 
larga  and  laprova  understanding  batwaan 
aatarlals  and  Ufa  aclantlats  by  focus¬ 
ing  on  tha  ways  In  which  blotachnologlcal 
products  and  aan-aada  Mtarlalc  Interact 
physically  and  chaalcally  with  biolog¬ 
ical  anvlronacnts.  Bahavlor  at  surfacas 
strongly  Influences  tha  af f actlvaness  of 
laiplcntad  materials  and  such  phanouana 
can  be  approprtataly  adapted  to  spaelfle 
sltuatlona./p*^ 

The  scientific  prograw  was  arranged 
y^n  six  sessions  over  3  days  and  cowprlsad 
'  lectures  by  keynote  speakers,  short  con¬ 
tributed  papers,  and  poster  presenta¬ 
tions.  The  keyncta  papers  will  be  pub¬ 
lished  In  a  special  Issue  of  Bianxttrial* 

^ In  about  6  Months. 

The  prograa  format  consisted  of  the 
following  topics: 

Cell/polymar  Interactions ^ 

Blood/surface  interactlonsj 
Innovations:  Monoclonal  antibodies  snd 
bloaensorSj 
^  Blocompatnb I 1 Ity ) 

Bfondheaton  j 

Drug  delivery  ayatems. 

A..r-V‘v  ^  c  \  0^  \  -V'\  ss  u. 

■XiSSvjoty  ^ 

r*\ W  \  V  tV-e  (  Cr » c/^l  yL 


Following  are  discussions  of  papers 
prasantad  under  each  of  the  topics. 

2  CELL/POLYHER  INTERAaiONS 

In  vivo  Cell/Polyaer  Interaction 

Studies  of  in  vivo  call/polyner  In¬ 
teractions  were  presented  by  J.M.  Ander¬ 
son  (Institute  of  Pathology,  Casa  Western 
Reserve  University,  Cleveland,  Ohio). 
Anderson  stated  that  the  traditional 
pathway  for  wound  healing  (injury,  acute 
Inflaanatlon,  chronic  inflamatlon,  tis¬ 
sue  granulation  and  fibrbsls)  also  occurs 
with  iaplanta  In  the  body.  This  course  of 
events  Is  also  called  a  foreign  body  re¬ 
action.  Fibrosis  occurs  If  the  laplant 
is  not  biodegradable.  If  tha  laplant  Is 
biodegradable,  an  acuta  response  occurs 
with  swelling  snd  cellular  Infiltration. 
A  conalstant  finding  In  tha  evaluation, of 
retrieved  huaan  laplants  by  Anderson  and 
his  group  was  tha  presence  of  Macrophages 
and  foreign  body  giant  calla  at  or  near 
the  aurfaca  of  the  proathasas  or  devices. 
In  order  to  Invastlgata  this  phenonenon, 
Anderson's  group  has  studied  cellular  ad- 
haslon  of  several  polyaars  In  their  cage 
iMplant  system  in  which  they  assessed 
tha  blocoMpatabllity  of  in  vivo  iMplants 
by  axaainlng  the  axudata  that  surrounds 
tha  iMplant.  Tha  group  monitored  poly¬ 
morphonuclear  (PMN)  alkaline  phosphatase 
ns  wall  as  mononuclear  and  cathepaln  acid 
phosphatase  of  tha  exudates.  Their  stud¬ 
ies  showed  distinct  differences  In  cellu¬ 
lar  adhealon  batwaac  the  various  poly¬ 
mers.  Also,  surface  concentrations  of 
cells,  measured  as  calls  per  square  mm. 
ware  dlffarant  for  tha  respective  poly¬ 
mers.  It  was  found  that  macrophages,  when 
activated  by  tha  polymers,  can  accrete 
about  ICN}  components  such  aa  polypeptide 
hormones,  and  growth  factors  (interleu¬ 
kins,  platalst-darlved  growth  factor, 
etc.).  Anderson's  group  Is  engaged  In 
cxtanslva  studies  of  salactad  aspects  of 
macrophage  activation,  following  adhesion 
and  the  rola  of  cell-material ,  call- 
proteln,  and  cell-call  Interactions  aa 
they  relate  to  the  bincotqiAtnhll  1 1 v  of 
polymerw. 

The  dep«>ettlon  of  endnthel  lot  ff- 
brunectln  onto  polymeric  aiirfoccn  won 


H 


□  O 


rtported  by  P.B.  van  Wachcm  (Dapartnene 
of  Chealcal  Tachnology.  Blomaterlala  Sec¬ 
tion,  Twente  Unlveralty  of  Tachnology, 
foachade,  the  Netherlands) .  Van  Wachem 
■antloned  that  the  clinical  results  with 
snall-dlameter  vascular  grafts  aada  from 
polymers  such  as  Dacron  (PETP,  polyethy¬ 
lene  terephthalate)  and  Teflon  are  gen¬ 
erally  disappointing,  mainly  because  of 
occlusion  due  to  thrombus  formation.  He 
also  stated  that  since  vascular  ecdothe- 
lium  represents  a  unique  nonthrombogenlc 
surface,  he  considered  that  endothelial 
cells  are  the  first  logical  choice  for 
lining  small-diameter  vascular  grafts. 
Therefore,  van  Wachem  and  his  group  car¬ 
ried  out  a  systematic  in  vitro  study  of 
the  interaction  of  human  endothelial 
cells  (HEC)  with  polymers  with  the  aim  of 
developing  grafts  which  could  promote 
overgrowth  of  endothelial  cells. 

These  Investigators  had  previously 
found  that  HEC,  suspended  in  a  culture 
medium  containing  human  serum,  adhered 
to  moderately  wettable  polymers  such  as 
tissue  culture  polystyrene  (TCPS).  Re¬ 
duced  adhesion  or  no  adhesion  was  ob¬ 
served  upon  the  more  hydrophobic  polymer 
PETP  and  the  very  hydrophobic  polymer, 
fluoroethylene-propylene  copolymer  (FEP, 
a  Teflonllke  polymer).  Recently,  van 
Wachem  and  his  group  also  observed  that 
TCPS  adsorbs  more  of  the  adhesive  protein 
flbronectln  from  the  culture  than  PETP  or 
FEP,  although  this  amount  was  small  com¬ 
pared  to,  for  example,  adsorbed  albumin. 
They  considered  it  unlikely  that  this 
relatively  small  amount  of  flbronec:ln 
was  responsible  for  the  adhesion,  spread¬ 
ing,  and  proliferation  of  HEC.  There¬ 
fore,  they  studied  the  deposition  of  en¬ 
dothelial  cell-derived  flbronectln  to 
TCPS. 

The  use  of  culture  medium  containing 
flbronec tin-depleted  serum  and  the  appli¬ 
cation  of  an  enryme  Immunoassay  In  which 
a  monoclonal  antif Ibronectln  antibody  was 
used,  enabled  van  Wachem  and  his  cowork- 
ers  to  show  that  cellular  flbronectln  Is 
deposited  upon  TCPS  during  adhesion  and 
spreading  of  HEC.  After  seeding  of  HEC 
onto  this  polymer,  Increasing  amounts 
of  flbronectln  are  deposited  both  with 
Increasing  cell  density  and  Increasing 


Incubation  time.  Their  results  Indicate 
that  the  ability  of  depositing  cellular 
flbronectln  onto  a  polymeric  surface  Is  a 


condition  for  the  spreading  and  prolifer¬ 
ation  of  HEC. 


Bacterial  Adhesion  to  a  Polystyrene  Sur- 


face  I 

Studies  of  bacterial  adhesion  to  a 
modified  polystyrene  surface  were  re¬ 
ported  by  M.A.  Khan  (Department  of  Phar¬ 
macy,  University  of  !)ottlngham,  UK)  In 
collaboration  with  A.  Brown  (Department 
of  Chemistry,  University  of  Manchester, 


UK).  Bacterial  adheslbn  Is  considered  to 
be  an  Important  step  ^n  the  pathogenesis 
of  Infections  associated  with  prosthetic 
Implants  and  medical  devices.  These  In¬ 
fections,  according  to  Khan.,  are  predom¬ 
inantly  associated  with  coagulasa-nega- 


tlva  Staphylococci,  notably  Staphylococ- 


CU0  apidarmia.  In  vttro  studies  have  In¬ 


dicated  that  both  the  hydrophobic  Inter¬ 


actions  and  surface  charge  properties  of 


the  bacteria  and  the  surface  chemistry  of 
the  biouaterlal  markerlly  Influence  bac¬ 
terial  adherence.  In  !  this  report,  Khan 
and  coworkers  Investigated  the  adhesion 
of  a  wide  range  of  highly  characterized 
clinical  Isolates  of  StaphylooK/CCua  api- 
damia  to  oxygen-RloW-discharge-treated 
polyatyrene  surfaces  I  characterised  by 
means  of  modern  surfica  analysis  tech¬ 
niques.  I 

The  surface  chemltal  modification  of 
the  polystyrene  fllcs|  was  monitored  by 
x-ray  photoelectron  Spectroscopy  (KPS) 
and  static  secondary  Ion  mass  spectrom¬ 
etry  (SSIMS).  The  hl^h  sensitivity  and 
degree  of  molecular  specificity  of  SSIMS 
provides,  according  to | Khan,  a  novel  per¬ 
spective  on  tha  dramatic  changes  in  the 
surface  chemical  ntru^ture,  both  at  the 
elemental  and  molecular  levels,  as  In¬ 
duced  by  plasma  trcat4ent.  The  bacterial 
adhesion  was  elucidated  by  the  determina¬ 
tion  of  the  extracted  ATP  of  the  adherent 
bacteria  and  was  foun<i  to  be  highly  de¬ 
pendent  on  the  strrln  pf  5.  epidamia  and 
the  surface  hydrophobicity  of  the  bac¬ 


teria  as  derived  by  hpdrophoblc  Interac¬ 
tion  chromatography.  li  addition,  the  de¬ 
gree  of  oxidation  of  the  polymer  surface 
also  llllclted  a  profound  modification 
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of  tho  bacterial  adhealon  In  certain 
strains.  Khan  thinks  that  these  cellular 
adhesion  phenosena  nay  be  Interpreted  In 
terns  of  the  surface  chemical  phenomena 
of  both  the  bacterial  Interface  and  with 
the  application  of  the  SSIMS  technique, 
of  the  Interfaclal  chenlcal  character  of 
Che  nodlfled  polyner  surface. 

Effect  of  Inplantatlon  Site  on  Cell/Poly- 
ner  Interactions 

Studies  on  Che  effect  of  Implanta¬ 
tion  site  on  nononuclear  and  multi- 
nucleated  cell/polymer  Interactions  was 
presented  by  D.  Bakker  (Ear  Nose  and 
Throat  Department,  University  Hospital 
and  the  Laboratory  for  Electron  Micro¬ 
scopy,  State  University,  Leiden,  Che 
Netherlands) .  Bakter  stated  that  Che  rate 
of  hydro^ty apatite  biodegradation  appears 
to  vary  i^th  l:«plancaclon  technique.  In 
ordor  to  evaluate  Che  effect  of  Implanta¬ 
tion  site  on  phagocyCe/polyner  Interac- 
tlonr,  Bakker  and  coworkers  Implanted 
three  alloplastlc  tympanic  membrane  ma¬ 
terials:  (1)  polypropylene  oxide;  (2) 
Estane  S714,  FI  polyether  urethane;  and 
(3)  a  polyether  polyester  copolymer.  A 
total  of  840  porous  specimens  were  Im¬ 
planted  in  rat  middle  ears:  In  Che  tym¬ 
panic  membrane,  aubmucoaally ,  and  between 
middle  ear  bone  and  adjacent  muscle  tis¬ 
sue.  Survival  times  ranged  from  1  Co  52 
weeks,  and  light  microscopy  and  auto¬ 
radiography,  transmission  and  scanning 
electron  microscopy,  and  x-ray  mlcroanal- 
ysls  served  as  evaluation  techniques.  It 
was  found  that  all  Implantations  re¬ 
sulted  In  Che  presence  of  mononuclear  and 
multlnucleaCed  phagocytes.  Morphometry 
showed  that  for  all  three  blomaterlals 
the  total  volume  of  phagocytes  present  at 
the  site  implantation  decreased  In  the 
following  order:  (1)  adjacent  to  muscle 
tissue;  (2)  submucosally ,  and  (3)  In  Che 
tympanic  memursns.  Blofragmentatlon  or 
biodegradation,  vdilch  may  have  resulted 
from  polymer/phagoc; te  Interactions  (ac¬ 
cording  to  Bakker),  occurred  for  all 
tested  blomaterlals,  but  were  qualita¬ 
tively  and  quantitatively  most  prominent 
when  the  polymers  were  In  contact  with 
muscle  tissue.  Transmission  electron  mi¬ 
croscopy  showed,  at  all  Implantation 


sites.  Intracellular  material  derived 
from  Che  three  polymers.  Findings  with 
respect  to  pol3rpropylene  oxide  also  sug¬ 
gested  extracellular  degradation. 

This  study  showed  that  phagocyte 
activity  was  greatest  when  Implants  con¬ 
tacted  muscle  tissue,  and  confirmed  pre¬ 
vious  reports  by  Bakker  and  others  of 
stimulated  phagocyte  activity  by  cellular 
Irritation.  Bakker  thinks  that  the  obser¬ 
vation  Chat  the  Implantation  site  affects 
phagocyte  activity  stresses  the  Impor¬ 
tance  of  studying  the  biological  perfor¬ 
mance  of  an  Implant  material  at  Che  site 
of  the  clinical  Implantation. 

Protein  Adsorption  at  the  Interface 

Protein  adsorption  at  the  Interface 
between  charged  polymer  substrata  and 
migrating  osteoblasts  la  being  studied  by 
J.Z.  Davies  (Department  of  Anatomy,  Uni¬ 
versity  of  Birmingham  Medical  School, 
UK) .  Davies  and  his  group  have  recently 
shown  that  both  the  migratory  morphology 
and  synthetic  activity  of  osteoblasts 
(OS's)  are  Influenced  by  the  substrata 
they  colonize  in  vitro  and  chat  this  dif¬ 
ferential  behavior  Is  related  to  the  sur¬ 
face  charge  of  the  substratum.  Their  exr 
perlmental  system  Is  baaed  on  the  migra¬ 
tion  of  primary  rat  calvarial  osteoblasts 
onto  polystyrene  Ion  exchange  resin  beads 
of  either  positive  or  negative  surface 
charge.  Using  this  system,  Davies  and  co¬ 
workers  have  speculated  that  Che  behavior 
of  OS’s  may  be  Influenced  through  Che  In¬ 
termediary  of  charged  double  layers  or 
adsorbed  serum  proteins  originating  In 
the  culture  medium.  In  fact,  the  sub¬ 
strate  surface  Is  exposed  to  the  proteins 
from  the  fetal  calf  serum  (FCS)  in  the 
medium  for  a  significant  time  before  the 
OS's  migrate  over  It,  allowing  Che  ad¬ 
sorption  of  proteins  and  other  macro¬ 
molecules.  In  the  present  study,  Davies 
reported  on  the  difference  In  proteins 
adsorbed  Co  these  polymer  substrata  of 
either  positive  or  negative  surface 
charge  end  linked  thin  to  OB  behavior. 

The  methods  used  by  Davies  and  his 
group  In  Che  present  Study  were:  (1) 
olutlon  of  adsorbed  protein  from  sub¬ 
strata  using  sodium  dodecyl  sulfate  (SDS) 
and  analysis  using  polyacrylamide  gel 
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•Icctrophoresls  (PAGE),  and  (2)  Insmno- 
labeling  PCS  proteins  (horeseradlsh  per¬ 
oxidase)  ,  with  subsequent  observation  by 
Light  microscopy  (LM)  or  transmission 
election  microscopy  (TEM) ,  PAGE  analysis 
revealed  reproducible  differences  In  the 
protein  population  eluted  from  the 
charged  substrata.  While  these  protein/ 
peptide  bands  were  constant  for  each  sub¬ 
strate,  they  differed  from  those  seen  In 
PCS.  As  the  majority  of  proteins  carry  a 
net  negative  charge  at  physiological  pH, 
Davies  thinks  that  It  would  seem  likely 
that  there  would  be  preferential  or  In¬ 
creased  adsorption  of  serum  proteins  on 
positively  charged  substrates.  However, 
the  preliminary  results  do  not  Indicate 
such  a  clear  cut  situation,  since  dif¬ 
ferent  pro'eln/peptlde  populations  are 
desorbed  from  different  negatively  and 
positively  charged  substrates.  There  does 
not,  therefore,  appear  to  be  a  correla¬ 
tion  between  the  differences  In  the  bands 
seen  and  the  charge  of  the  substrate. 
Indicating  that  other  factors  such  as 
surface  exchange  Ions  may  Influence  pro¬ 
tein  adsorption.  On  both  strongly  and 
weakly  negatively  charged  beads  these 
Investigators  found  Chat  there  was  an 
Increased  number  of  bands  seen  In  the 
molecular  range  lower  than  albumin  when 
compared  with  the  bands  seen  from  native 
PCS,  and  this  number  of  bands  was  de¬ 
creased  with  eluants  from  positively 
charged  beads.  Davies  found  that  there 
appeared  to  be  a  correlation  between  the 
number  of  bands  seen  In  the  high  molecu¬ 
lar  weight  range  and  the  ease  with  which 
OS's  cover  their  surface.  Davies  and  his 
group  are  currently  Involved  In  Identi¬ 
fying  the  different  bands  seen  on  the 
gels.  Immunolabellng  has  demonstrated  a 
definite  layer  of  adsorbed  protein  on  the 
Bucface  of  the  substrates,  and  Davies  Is 
currently  addressing  the  problem  of  la¬ 
beling  protein  beneath  the  OB  population. 

3  BLOOD/SURPACE  INTERACTIONS 

Albumin  Adsorption  on  Alkyl  Derlvatlzed 

n  ^  1  -k  t 
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A  report  on  albumin  adsorption  on 
alkyl  polyurethanes  was  presented  by  W. 
Pitt,  working  under  the  direction  of  T.G. 


Grassel  and  S.L.  Cooper  (Department  of 
Chemical  Engineering,  University  of  Wis¬ 
consin,  Madison).  The  attachment  of  alkyl 
chains  to  polyurethanes  has  been  observed 
to  Increase  the  affinity  of  oemm  albumin 
to  alkyl  polymer  derivatives  with  alkyl 
groups  on  the  polymer  surfaces.  However, 
the  molecular  mechanisms  producing  this 
Increased  surface  affinity  have  not  been 
fully  Investigated.  Therefore,  In  the 
present  study,  Pitts  and  coworkers  pre¬ 
pared  polyurethanes  based  on  a  3/2/1  mole 
ratio  of  methylene  bis  (p-phenyldllso- 
cyanate)  (MDI),  butanedlol,  and  1000- 
molecular-welght  polytetramethyleneoxide 
In  which  10  percent  of  the  urethane  ni¬ 
trogens  were  grafted  with  linear  alkyl 
chains  of  carbon  lengths  18,  12,  and  2. 
Two  monomeric  fractions  of  human  serum 
albumin  were  adsorbed  to  these  polymers 
In  a  laminar  flow  cell.  One  albumin  frac¬ 
tion  had  no  free  fatty  acid  bound  In  the 
alkyl  fatty  acid  binding  sites  of  the 
protein,  %dille  the  other  had  the  alkyl 
binding  sites  blocked  with  6.5  moles  of 
stearic  acid  per  mole  of  albumin.  The 
kinetics  of  protein  adsorption  was  re¬ 
corded  continuously  using  Pourler  trans¬ 
form  Infrared  spectroscopy  and  Internal 
reflection  optics.  Analysis  of  the  Ini¬ 
tial  adsorption  rates  Indicated  that  in¬ 
creased  albumin  affinity  to  the  C-18 
polymer  derivative  was  due  to  both  non¬ 
specific  binding  to  the  more  hydrophobic 
surface  and  specific  binding  at  the  alkyl 
binding  sites.  In  addition  to  blocking 
the  alkyl  binding  sites,  addition  of 
stearic  acid  to  albumin  makes  the  protein 
less  susceptible  to  denaturation.  When 
albumin  was  adsorbed  tu  the  underivatlzed 
polyurethane,  the  more  stable  albumin 
containing  stearic  acid  adsorbed  more 
slowly  than  the  less  conformatlonally 
stable  albumin  without  stearic  acid.  This 
suggests,  according  to  Pitt,  that  pro¬ 
teins  which  are  less  stable  with  respect 
to  denaturation  may  adsorb  more  readily 
to  blomaterlal  surfaces. 

Evaluation  of  Polyester  Arterial  Grafts 
Goated  with  Albumin 

A  study  of  the  evaluation  of  poly¬ 
ester  arterial  grafts  coated  with  albumin 
was  reported  by  R.  Guidon  (St.  Francis  of 
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Aasls*  Hospital  and  Laval  Unlvarslty. 
Quabac  City.  Canada).  Previous  in  vitro 
studlss  Indicated  that  the  type  of  cheal- 
cal  used  to  cross-link  albtimln-coated 
polyester  arterial  prostheaes  may  Influ¬ 
ence  the  rate  of  bloeroslon  of  the  al¬ 
bumin  layer  in  vivo.  In  the  present 
study*  four  series  of  Implantations  In 
the  thoracic  aorta  of  dogs  for  scheduled 
periods  of  4  hours  to  6  months  vers  con¬ 
ducted  using  1.6-  and  2.5-percent  glut- 
araldehyde  and  0.2-M  carbodlimlde  as  the 
alternative  cross-linking  agents  plus  a 
nonalbumlnated  preclotted  polyester  pros¬ 
thesis  vhlch  served  as  control. 

The  pathology  of  the  sxplanted 
grafts  revealed  that  In  th'  short  and 
medium  term,  the  rate  of  healing  and  the 
extent  of  tissue  Ingrowth  was  dependent. 
Initially,  on  the  presence  of — and  later. 
On— the  rate  of  bloeroslon  of  Che  albumin 
layer.  After  three  months  in  aitu,  Che 
prostheaes  coated  with  albumin  crosa- 
llnkel  with  1.6  percent  glutaraldehye  and 
carbodlimlde  had  healed  sure  rapidly  and 
were  Invaded  by  extensive  tissue 
Ingrowth  chan  Che  one  cross-linked  with 
2.5-percenc  gluCaraldchyde  or  Che  pre- 
eloCCed  control.  Also,  Che  migration  of 
cells  over  Che  carbodlimide-CreaCed  sur¬ 
face  was  the  most  fully  developed  and 
most  regularly  organized  of  all  four  ser¬ 
ies.  Immunostalnlng  revealed  Chat  Che 
presence  of  glutaraldehyde  Induced  an 
Inflammatory  response  which  failed  Co 
support  the  growth  of  normal  luminal 
cells  with  the  endothelial  phenotype. 


Research  on  Functional  Pol3nnera  and  Their 
Biomedical  or  Biotechnological  Applica¬ 
tions 

Studies  by  M.  Josefovlcz  (Labora- 
tolre  de  Recherches  sur  les  Macromole- 
cules,  C.N.R.S.  UA  502,  Unlverslcd  Parla- 
Nord,  France)  have  shown  Chat  functional 
polymers,  i.e. — synthetic  or  artificial 
polymers — substituted  with  specific  chem¬ 
ical  groups  carried  by  the  aacromoleculaz 
chain.  Interact  specifically  with  living 
systems.  Josefovlcz  and  his  group  have 
carried  out  extensive  research  on  func¬ 
tional  polymers  and  their  biomedical  or 
biotechnological  applications. 


Polymers  containing  aryl  sulphonate 
and  carboxyl  groups  have  been  shown  by 
these  Investigators  to  Interact  specif¬ 
ically  with  antlthrombln  III  and  certain 
serlne-proCeases  In  the  coagulation  of 
blood.  These  blomatarlals  are  either 
cross-linked  polymers  (polystyrene-poly- 
saccharlde-jpolyethylcne,  etc.)  or  sol¬ 
uble  biodegradable  polysaccharides.  Thus, 
these  blomatarlals  In  contact  with  blood 
are  nonthrombogenlc  because  they  are  able 
to  catalyzS  the  Inhibition  of  the  coagu¬ 
lation  cascade.  Sons  functional  polymers 
have  been  prepared  by  this  group  In  order 
to  specifljcally  Interact  with  various 
components  of  the  Imune  system— for  ex¬ 
ample,  with  proteins  Involved  in  the  com¬ 
plement  system  and  with  antibodies  devel¬ 
oped  by  hemophiliac  A  and  Systemic  Lupus 
Erythematosus  patients.  Also,  It  was 
found  that  such  functional  polymers  may 
Interact  with  growth  factors  and  cells. 
Therefore,  laccordlng  to  Josefovlcz,  these 
blomaterlals  are  candidates  for  use  In 
blotechnoloigy. 
i 

An  Isotopic  Method  to  Estimate  Density 
and  Distribution  of  Heparinlike  Materials 

Heparlnllke  materials,  characterized 
by  a  defined  superficial  density  of  func¬ 
tional  groups  which  activate  antlthrombln 
III  (AT  lip ,  have  been  found  to  Inhibit 
thrombin  as  soon  as  It  appears  when  they 
are  In  contact  with  blood.  An  Isotopic 
method  hasi  been  developed  by  J.  Calx 
(Laboratoltes  de  Blophysique  et  d* Immuno¬ 
logic  Celldlalre,  Unlversltd  de  Bordeaux 
II,  France)  to  estimate  the  density  and 
Co  visualize  Che  distribution  of  the  af¬ 
finity  sltds  concerned,  directly  with  AT 
III  labeled  with  *^^lodlne,  and  Indi¬ 
rectly  with  an  anti-AT  III  monoclonal 
antibody  ’  with  Indium  III.  The 

work  re  -  J  i  oj  Calx  was  a  collaborative 
project  with  scientists  at  Che  Molecular 
Biology  Laboratory,  University  of  Parls- 
Nord,  France. 

Calx  and  her  coworkers  found  that  AT 
III  Is  able  to  adsorb  specifically  on 
modified  polyethylene  tubes.  However, 
when  the  (jolystyrene  coating  of  their 
Inner  surface  la  only  sulphonated,  the  AT 
III  Is  no  longer  recognized  by  Its  anti¬ 
body.  Calx  thinks  that  these  results 


Calx  thinks  that  these  results 
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probably  indicate  differences  between  ad¬ 
sorption  Mechanlsns  on  both  types  of  mod¬ 
ified  polyethylene  (Type  A  and  Type  B) . 

Improving  Biocompatibility  of  Vascular 
Graft  Materials 

Improvement  of  biocompatibility  of 
vascular  graft  materials  by  in  vivo 
lining  with  autologous  endothelial  cells 
was  reported  by  M.  Kadletz  (Department  of 
Surgery,  Dnlverslty  of  Vienna,  Austria). 
Since  the  Introduction  of  endothelial 
cell  seeding  in  1978,  numerous  studies 
have  demonstrated  the  long-term  benefit 
of  this  technique  in  terms  of  the  reduc¬ 
tion  of  the  thrombogenlclty  of  artificial 
grafts.  However,  no  Improvement  of  short¬ 
term  patency  can  be  achieved  by  single- 
staged  seeding  due  to  the  low  Inoculum, 
according  to  Kadletz.  Therefore,  she  and 
her  coworkers  focused  on  an  alternative 
method  in  the  form  of  Immediate  endo¬ 
thelial  cell  lining  by  means  of  cell  cul¬ 
ture.  For  this  purpose,  these  investiga¬ 
tors  established  human  saphenous  vein 
endothelial  cell  (EC)  cultures.  Calls 
were  seeded  onto  artlfical  grafts.  The 
addition  of  EC  growth  factor  was  found  to 
increase  the  number  of  EC/cm^  grafts. 
Subsequently,  the  grafts  were  perfused  in 
a  mock  circulation  unit,  imitating  tha 
shear  forces  of  the  superficial  femoral 
artery.  After  24  hours  of  pulsatile  pre- 
fusion,  53  percent  of  EC  were  still  ad¬ 
herent,  while  after  48  hours  only  36  per¬ 
cent  of  the  prepcrfuslon  cell  number 
could  be  found.  However,  in  spite  of  this 
appreciable  cell  loss,  most  of  the  grafts 
displayed  closed  EC  monolayers,  as  seen 
by  scanning  electron  microscopy.  Kadletz 
thinks  that  the  results  of  these  studies 
indicate  that  in  vitvo  lining  offers  a 
promising  technique  to  Improve  the  throm- 
bogenlc  surface  of  artificial  vascular 
grafts  and  that  it  could  soon  develop 
into  clinical  routine  wherever  a  cell 
laboratory  is  available. 

Blood  Compatibility  of  Cross-L  \iked  Poly¬ 
ether  Blends 

A  report  on  blood  compatibility  of 
cross-linked  polyether  blends  was  pre¬ 
sented  by  J.G.K.  Bots  (Department  of 
Chemical  Technology,  Blcmaterlala  Sec¬ 


tion,  Twente  University  of  Technology, 
Enschede,  the  Netherlands).  Cross-linked 
blends  of  polyethylene  oxide  (PEO)  and 
polypropylene  oxide  (PPOX)  have  been 
studied  by  Bots  and  his  group  for  appli¬ 
cation  as  biomaterials;  for  example,  as 
small-diameter  blood  vessel  substitutes. 
In  previous  work  on  the  relationship 
between  platelet  adhesion  and  type  and 
amount  of  polyether  segments  in  copoly¬ 
ether  urethanes  it  had  been  observed  that 
an  increase  of  the  polymer  content  re¬ 
sulted  in  a  reduced  platelet  adhesion. 
Because  PEO  had  been  found  to  be  the  most 
active  in  suppressing  platelet  adhesion 
compared  to  PPOX  and  polytetramethylene 
oxide  (PTMO) ,  Bots  and  his  group  con¬ 
sidered  that  a  combination  of  PEO  with 
PPOX  or  PTMO  might  lead  to  materials  with 
a  good  blood  compatablllty.  PKO  could  be 
the  blood  computable,  hydrophilic  com¬ 
ponent  and  PPOX  or  PTMO  the  more  hydro- 
phobic  and  mechanically  stronger  one.  His 
report  is  therefore  concerned  with  stud¬ 
ies  to  assess  this  hypothesis. 

Films  of  blends  of  PEO  and  PPOX 
were  cross-linked  by  ultraviolet  irradi¬ 
ation  in  the  presence  of  dicumyl  perox¬ 
ide  (DCP).  Water  content  (after  equili¬ 
bration)  and  mechanical  properties  of 
the  cross-linked  films  were  varied  by 
changing  the  blend  composition  or  the 
irradiation  time.  Surface  characteriza¬ 
tion  showed  that  in  the  phase-separated 
cross-linked  PPOX/PEO  films  more  PEO  was 
present  on  the  surface  than  in  the  bulk. 
It  was  also  found  that  on  equilibration 
with  water,  PEO  became  hydrated,  thereby 
losing  its  crystalline  character. 

Interaction  of  the  PPOX/PEO  cross- 
linked  blends  with  blood  was  studied  by 
measuring  kallikreln  generation,  APTT 
values,  and  platelet  adhesion.  Among  the 
blends  studied,  the  PPOX/PEO  at  90/10  and 
80/20  were  the  most  blood  compatible. 
They  showed  a  low  kallikreln  generation 
and  platelet  adhesion  and  a  high  APTT 
value. 

According  to  Bots,  the  results  with 
the  polyether  blends  obtained  so  far  in¬ 
dicate  the  importance  of  an  increased  PEO 
surface  concentration  in  combination  with 
a  transformation  of  the  PEO  phase  into 
the  hydrated  form,  thus  creating  a 
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hydrophilic,  noncryatallin*  and  blood- 
eoapatibl*  surface. 

Adsorption  of  Thrombin  to  Modified  Poly- 
styrsns  Rsslns 

Studies  of  ths  adsorption  of  throa- 
bin  to  aodifisd  polystyrene  resins  and 
coapatition  vith  other  plasaa  proteins 
vas  presented  by  C.  Boisson  (Centre  Sci- 
entifique  et  Polytechnique,  Dniversitd 
Paris-Nord,  Villetaneuse,  Prance).  Bois¬ 
son  works  in  the  group  of  J.  Josef owicz. 
This  vas  a  collaborative  project  vith 
J.L.  Brash  (McMaster  Tlniversity,  Haail- 
ton,  Canada) .  These  investigators  had 
previously  found  that  polystyrene  resins 
containing  aulphonate  and  sulphonate- 
arginylaethyl  ester  sulphamide  groups 
siaulate  the  binding  site  of  antithroabin 
III  (AT  III)  for  thrombin  so  that  such 
resins  should  have  a  high  affinity  for 
throabin.  In  the  present  study,  work  was 
undertaken  to  obtain  detailed  quantita¬ 
tive  Information  on  the  binding  of  '..hroa- 
bln  to  these  resins,  particularly  in  a 
plasma  medium  so  that  the  selectivity  of 
the  resins  for  thrombin  in  the  presence 
of  other  proteins  could  be  assessed. 

In  this  study  three  resins  were 
used:  a  95  percent  sulphonated  polysty¬ 
rene  and  two  arglnyl  derivatives  of 
sulphonated  polystyrenes,  one  having  a 
low  (58  percent)  and  the  other  a  high 
(78  percent)  degree  of  substitution  of 
arglnyl  groups.  The  binding  of  throabin 
was  studied  in  two  media:  (91)  Isotonic 
tT  Is  buffer^  pR  7.4,  and  (2)  a  modified 
plasma  from  which  the  fibrinogen  (Fg)  was 
removed  by  the  snake  venom,  Arvln,  and 
the  AT  111  (which  otherwise  would  be  com- 
plexed  to  the  thrombin)  was  removed  by 
treatment  on  a  S,ipharose-heparln  affinity 
column.  To  determine  the  quantity  of 
throabin  bound  to  the  resins,  thrombin 
was  labeled  with  ^^®I,  mixed  with  either 
Che  isotonic  buffer  or  the  plassu,  and 
Incubated  with  the  resins  at  4*  C.  The 
specific  surface  areas  of  the  resins  were 
estimated  from  measurements  of  albumin 
adsorption  under  conditions  leading  to 
close-packed  monolayer  formation. 

The  adsorption  Isotherms  of  thrombin 
both  in  buffer  and  in  AT  III/Fg-free 
plasma  were  found  to  be  Langaulr-llke.  On 


this  basis,  ap-.yarent  affinity  constants 
were  estimated.  The  quantities  of  throm¬ 
bin  adsorbed  at  the  isotherm  plateau  were 
in  the  monolayer  range.  Also,  the  values 
in  plasma  were  of  the  order  of  70  percent 
of  those  in  buffer.  According  to  Boisson, 
these  data  confirm  the  high  affinity  of 
these  materials  for  thrombin  even  in  a 
complex  medium  containing  numerous  other 
potentially  competing  species— a  finding 
Important  for  eventual  practical  applica¬ 
tion. 

4  INNOVATIONS:  MONOCLOTIAL  ANTIBODIES  AND 
BIOSENSORS 

Biocatalysis  in  Nonagueous  Solvents 

A  review  of  biocatalysis  in  nun- 
aqueous  solvents  was  presented  by  A. 
Klibanov  (Department  of  Applied  Biolog¬ 
ical  Sciences,  Massachusetts  Institute  of 
Technology,  Cambridge).  Klibanov  is  well 
known  for  his  work  in  this  field,  which 
may  well  be  one  of  the  most  exciting  and 
promising  emerging  trends  in  biotechnol¬ 
ogy.  EnzyiMtic  production  of  materials  is 
usually  carried  out  in  aqueous  solvents 
because  organic  solvents,  in  general, 
lead  to  denaturatlon  of  enx3nBes  which  are 
proteins.  However,  Klibanov  has  found  in 
his  studies  that  water  (aqueous  solvents) 
may  not  be  the  best  medium  for  the  cata¬ 
lytic  function  of  enzymes.  Many  organic 
synthesis  reactions  are  Insoluble  in  wa¬ 
ter,  stability  appears  to  be  greater  in 
organic  solvents,  and  there  is  no  problem 
of  bacterial  contamination  which  occurs 
in  aqueous  solvents.  Klibanov  pointed  out 
that  it  is  not  a  question  of  whether 
water  is  required  for  enzymatic  activity 
but  rather  how  much  water  is  necessary. 
He  stated  that  only  a  monolayer  of  water 
is  all  that  is  necessary  and  that  the 
rest  of  the  milieu  surrounding  the  enzyme 
can  be  organic.  Another  Important  point 
is  the  nature  of  the  organic  solvent.  If 
it  is  very  hydrophobic,  the  required 
monolayer  surrounding  the  enzyme  would 
be  removed  and  the  enzyme  inactivated. 
Therefore,  the  nature  of  the  organic  sol¬ 
vent  used  in  the  reaction  is  very  impor¬ 
tant.  An  interesting  point  mentioned  by 
Klibanov  is  that  enz3rmes  have  pH  memory. 
Therefore,  the  pH  of  the  reaction  medium 
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should  bs  about  tha  saae  as  ths  pH  of  the 
aqueous  csdlua  fron  which  tha  enzyina  was 
Isolated  in  order  to  ualntaln  enzymatic 
activity  in  a  nonaqueous  aediua.  He  also 
found  that  the  obligatory  aaount  of  water 
surrounding  the  enzyme  in  organic  solvent 
■ay  be  even  less  than  a  aonolayer  i  and 
this  can  be  at  a  level  of  300  noles  of 
water/nole  of  enzyme.  In  addition,  sta¬ 
bility  of  enzymes  in  organic  solvents — In 
particular,  themal  atahillry — can  be 
quite  marked.  Furthermore,  it  appears 
that  enzymes  In  organic  solvents  can 
catalyze  new  reactions.  For  example, 
lipase  catalyzes  only  one  reaction  in 
aqueous  medium  but  in  organic  medium  is 
capable  of  catalyzing  several  reactions, 
according  to  Klibanov.  Lipase  in  organic 
solution  can  be  used  to  produce  blosur- 
factants.  Klibanov  also  found  that  en¬ 
zymes  retain  their  catalytic  activity  in 
organic  solvents  because  their  conforma¬ 
tion  remains  essentially  the  same  as  in 
aqueous  solvents.  The  reason,  according 
to  Klibanov,  is  that  an  enzyme  cannot 
change  its  conformation  in  organic  sol¬ 
vent  because,  without  water,  it  la  too 
rigid  to  change  its  conformation  in  spite 
of  the  minimal  amount  of  water  surround¬ 
ing  Che  enzyme  in  the  organic  solvent. 
Thus  Che  blocatalytic  production  ->f  new 
materials  (optically  active  synthons  and 
polymers,  phenolic  resins,  selectively 
modified  sugars,  biodetergents,  etc.)  In 
nonaqueous  media  are  already  in  progress 
by  Klibanov  and  hla  group  as  well  as 
others  and  are  assuming  increasing  im¬ 
portance  in  the  area  of  biotechnology. 

An  Enzjnnatic  System  for  Removal  of  Hepa¬ 
rin 

An  enzymatic  system  for  the  removal 
of  heparin  was  presented  by  R.  Bernstein 
(Department  of  Applied  Biological  Sci¬ 
ences,  Massachusetts  Institute  of  Tech¬ 
nology,  Cambridge) .  Extracorporeal  medi¬ 
cal  machines  (for  example,  pttmp  oxygena¬ 
tor,  artificial  kidney)  rely  on  systemic 
heparinization  Co  prevent  thrombus  forma¬ 
tion  In  the  extracorporeal  device.  A 
novel  approaca  that  enables  heparin  to  be 
specifically  removed  from  blood  after  It 
has  served  its  purpose  in  the  circuit  and 
before  it  returns  to  the  patient  has  been 


developed  by  Bernstein  and  coworkers. 
A  reactor  containing  immobilized  hep- 
arlnase — a  specific  heparin-specific  en¬ 
zyme — is  placed  at  the  end  of  the  extra¬ 
corporeal  circuit.  Heparinase  was  im¬ 
mobilized  to  spherical  agarose  particles 
using  cyanogen  bromide  activation.  The 
immobilized  hepa/lnaae  was  placed  in  an 
arterial  blood  filter  which  had  been 
fitted  with  an  internal  recirculation 
line  to  maintain  the  contents  of  the  re¬ 
actor  wall  mixed. 

A  mathematical  model  was  developed 
to  describe  the  degradation  of  heparin  by 
the  reactor  ex  vivo.  Heparin  exists  in 
blood  in  two  forms — free  and  bound  to  the 
protein  antlthrombln.  T)\e  model  accounts 
for  the  binding  reaction  of  heparin  to 
antlthrombln.  The  enzyme  reactor  was 
modeled  as  a  steady-state  contlnuous- 
stirr*-!  tank  reactor.  The  model  has  no 
adjustable  parameters  and  was  able  to 
predict  the  single-pass  conversions  with¬ 
in  15  percent  for  three  different  animals 
and  12  periusluns,  according  to  Bern¬ 
stein.  At  a  blood  flow  of  120  ml/mln,  30 
to  60  percent  of  the  heparin  was  degraded 
after  a  single  pass  through  the  device. 
The  ccnverelon  of  heparin  was  determined 
primarily  by  the  immobilized  heparlnase 
concentration,  the  plasma  antlthrombln 
concentration,  and  the  plasma  heparin 
concentration. 

Concepts  and  Technology  of  Biosensors 

A  general  introduction  to  the  con¬ 
cepts  and  teclinology  of  biosensors  in¬ 
cluding  some  discussion  of  the  need  for 
sensors,  the  range  of  analytes  that  can 
be  measured,  tha  application  areas,  the 
construction  of  sensors  with  a  biological 
recognition/response  system,  and  the 
range  of  transducer  technologies  that  are 
potentially  amenable  to  sensor  use  was 
presented  by  C.R.  Lowe  (The  Biotechnology 
Center,  University  of  Cambridge,  UK). 
Examples  of  sensor  technologies  for  the 
monitoring  of  substrates,  proteins,  and 
iuBunoanalytes  were  also  given.  For  ex¬ 
ample,  the  development  of  a  novel  ampero- 
metric  sensor  for  glucose  and  other  sub¬ 
strates  which  incorporates  oxidases  in 
conducting  organic  pulymers  and  of  a  min¬ 
iaturized  surface  conductivity  device  for 
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■onltorlng  analyte*  auch  aa  urea  vaa  dla- 
cuaaad  by  Love.  In  addition,  Lowa  apoka 
about  davicaa  capable  of  detecting  pro- 
talnaceoua  analytes  based  on  sophlatl- 
cated  optical  techniques  Including  use  oZ 
an  optoelectronic,  sensitized  aealconduc- 
tor,  conductiaetrlc  laaninosenaor.  A  re- 
▼lev  of  biosensors  containing  such  of  the 
■atarlal  presented  by  Love  is  available 
in  ESN  40-9:301-30b.  In  addition,  Lowe's 
presentation  will  be  published  in  full  In 
a  special  Issue  cf  Bicmateriala . 

Optical  and  Electrochealcal  Detection  of 
I— oblllzed  DNA 

A  report  on  studies  concerned  with 
the  optical  and  electrochemical  detection 
of  lamu>blllzed  D)U  vaa  presented  by  P.J. 
Warner  (Biotechnology  Cancer,  Cranfleld 
Institute  of  Technology,  Cranfleld,  UK). 
Optical  and  electrochemical  methods  of 
DNA  detection  were  examined  by  Warner  and 
coworkers  using  several  enzyme  Icbels 
Inclrllng  horseradish  peroxidase,  alka¬ 
line  phosphatase  and  glucose  oxidase.  DNA 
was  labeled  with  these  enzymes  using 
a  method  based  on  ionic  binding  of  an 
amine/enzyme  complex  to  the  negatively 
charged  DNA.  Lambda  DNA  was  used  as  a 
model  system  by  Immobilization  onto  ni¬ 
trocellulose  filter  paper  and  hybridiza¬ 
tion  to  Its  labeled  complementary  strand. 

The  optical  system  employed  two 
chemiluminescence  reactions  using  luminal 
and  methylacrldone .  Light  produced  by 
oxidation  reactions  was  detected  using  a 
purpose-built  Inexpensive  ($150)  lumlno- 
meter.  Peroxldase-laheled  DNA  was  de¬ 
tected  by  cheadlunlnescence  of  lumlnol 
In  a  diethanolamine  buffer  (  100  mM,  pH 
9.0)  In  the  presence  of  excess  hydrogen 
peroxide.  Detection  limits  were  1  nano- 
gram  of  DNA  with  a  response  tlma  of  ap¬ 
proximately  5  alnutes. 

Glucose-oxldasc-labeled  DNA  produced 
hydrogen  peroxide  In  the  presence  of  ex¬ 
cess  glucose.  This  was  detected  using  the 
lumlnometer  by  Che  chemiluminescence  of 
methylacrldone  (1  mM,  pH  12.0).  Accordlrz 


The  electrode  approach  employed  a 
fluorl<Ia-lon-aelective  electrode.  Perox¬ 
idase  cleaves  fluoride  Ions  from  organo- 
fluoro  compounds  such  as  4-fluoropiicD' 1 
In  the  presenca  of  hydrogen  peroxidase. 
Peroxidase-labeled  DNA  was  readily  de¬ 
tected  with  a  rapid  response  time  (10  Co 
30  seconds).  The  detection  limit  was 
only  10  nanograms  of  DNA,  but  the  use  of 
stripping  voltammetry  Co  detect  chloride 
Ions  is  presently  being  investigated  by 
Warner  and  coworkers,  and  he  thinks  that 
this  may  greatly  Increase  the  sensitivity 
of  the  method.  The  expectation  Is  that 
these  new  approaches  Co  DNA  detection 
will  be  applicable  to  the  production  of  a 
rapid  and  cheap  DNA  blraensor.  However, 
progress  towards  a  final  configuration  Is 
likely  Co  bo  limited  by  the  slow  hybridi¬ 
zation  kinetics  associated  with  DNA,  ac¬ 
cording  to  Warner. 

Analysis  of  Immunological  Reactions  by 
Optical  Biosensors 

The  analysis  of  Ismunologlcal  reac¬ 
tions  on  biochemically  sensitized  sur¬ 
faces  by  optical  blosenslng  techniques 
was  discussed  by  U.  Strange  (Department 
of  Geology  and  Physical  Sciences,  Oxford 
Polytechnic,  Oxford,  UK).  The  research 
presented  was  a  Joint  project  with  N. 
Grooms  (Department  of  Biology,  Oxford 
Polytechnic)  and  L.  Tarassenko  (Depart¬ 
ment  of  Engineering,  Oxford  Polytechnic). 
The  intensity  of  light  reflected  by  a 
biochemically  sensitized  surface  can  be 
modified  when  molecules  In  a  chemical 
solution  bind  to  the  surfac^i.  According 
to  Strangs,  the  change  in  reflectance  can 
be  measured  by  an  optical  sensor  and  used 
to  quantify  immunological  reactions  on 
surfaces.  Strange  and  coworkers  have  de¬ 
veloped  an  optical  Instrument  using  laser 
light  which  is  capable  of  employing  two 
independent  methods  to  monitor  these  re¬ 
flectance  changes.  The  intensity  change 
of  the  reflected  light  may  be  measured  by 
Brewster  angle  reflectometfy  or  the  shift 
of  the  angle  at  which  a  reflectance  min- 


to  Warner,  Initial  results  Indicated  t'.iat 
this  approach  had  sufficient  sensitivity 
for  single-copy  gen*  detection  (1  plco- 
gram  of  DNA),  with  a  response  time  of 
10  minutes. 


imum  occurs  can  be  detected  by  surface 
plasmon  resonance. 

Polished  silicon-dloxlde-coated  sil¬ 
icon  wafers  or  thin  silver  or  gold 
films  on  glass  substrates  are  the  basis 


lor  till-  b1octi««lcAl  •«nsorii  tlifit  <tr«  un¬ 
der  Inveatlgntlon  by  Strange  and  covork- 
ara.  Inacruaent  aensltivlty  enhancaaent 
la  achieved  when  green  or  blue  argon  Ion 
laser  light  la  used  Co  replace  conven¬ 
tionally  employed  HeNe  light,  according 
to  Strange. 

The  Inatruaent  haa  bean  used  to  fol- 
1- «  ’v.Cib'T.dT-antlgen  complex  formation 
by  monitoring  reflectance  changes  of  sil¬ 
icon  surfaces  coated  with  human  serum 
albumin  before  and  after  Incubation  with 
sera  containing  anclhuman  aarua  albumin 
In  varying  concentrations.  Comparisons 
were  made  between  wet  and  dry  samples. 

According  to  Strange,  high  resolu¬ 
tion  has  bean  achieved  with  reflectance 
changes  of  0.05  percent  being  resolved. 
Read-out  la  essentially  Instantaneous  and 
the  tine  required  to  obtain  results  Is 
dsCermined  only  by  ths  Incubation  times 
of  ths  rasctione  und.r  study. 

5  BIOCOKPATABIMTT 

Studlas  on  ths  intaractlon  bstween 
cells  and  ths  aurfsca  of  titanium  and 
Tsflon  Implants  were  pressntsd  by  P. 
Thomsen  (Department  of  Anstowy,  Unlver- 
elty  of  Cateborg,  and  the  Institute  of 
Physics,  Chalmsrs  Unlvsrslty  of  Technol¬ 
ogy,  C^tabOrg,  Sweden).  Thomaen  stated 
that  in  order  to  understand  the  biology 
of  the  tlsaue-transplant  Interface,  a 
detailed  knowledge  of  the  mode  of  Inter- 
sctlon  between  cells  and  Implants  Is  re¬ 
quired.  Theoretlcel  considerations  evip- 
port^d  by  the  experimental  observations 
of  Thomsen  and  coworkers  suggested  that 
the  early  interaction  between  the  Implent 
and  inf lamaiatory  cells,  inevitably  pres¬ 
ent  St  ths  site  of  Implant  Inaertlon,  Is 
of  decisive  Importance  for  the  further 
changes  In  the  surrounding  tleeues.  Thus, 
In  the  present  study,  Thomsen  and  hla 
group  have  examined  the  ultraatrueture  of 
the  tissue  elore  to  titanium  and  Teflon 
tsiplanrs. 

Titanium  and  Teflon  Implants  were 
Inserted  In  the  abdominal  well  of  rets. 
After  8  hours;  I,  3,  end  1  deye;  and  3, 
6,  and  1  weeks  the  abdominal  wall  tlssus 
was  fixed  by  glutaraldehyds  perfusion. 
The  Implant  with  surrounding  tlsaus  was 


pustfixsd  In  osmium  tetroxlde  and  em¬ 
bedded  In  epoxy  resin.  The  titenlua  metal 
(but  not  the  titanium  dioxide  on  the  lie- 
plent  surface)  wee  then  removed  elactro- 
chemicelly.  After  reembeddlng,  sections 
ware  cut  on  an  ultrsmlcrotoms.  Tsflon 
speclmsns  wars  cut  with  the  polymer  gtlll 
attached  to  the  embedded  tissue. 

The  layer  of  titanium  dioxide,  con¬ 
stituting  the  surface  of  the  Implent, 
appeared  in  aactlons  ee  a  dense,  8-  to 
lO-sma  wide,  continuous  line.  Six  hours 
after  Insertion  the  titanium  Implants 
irsrs  surrounded  by  damaged  tissue  cells 
and  numerous  Inflammatory  calls,  predom¬ 
inantly  pol>morphonuclesr  granulocytss 
(PMN).  Strands  of  fiber  were  attached  to 
the  Implant  surface.  PMN  were  not  accumu¬ 
lated  at  ths  Implant  Surfecs.  After  i,  3, 
and  7  days  a  10-  to  100-um-wlda  specs 
containing  scsttared  srythrocytes,  PMN, 
and  monocytes  separstsd  ths  Implant  aur¬ 
fsca  from  rtorgsnislng  connectlvs  tlssus. 
Some  laukneytee  were  attached  to  the  Im¬ 
plant  au;  ace  but  most  of  them  %rere  not. 
At  later  time  intervals  (3,  6,  and  9 
wesks)  fibrobltsts  wars  found  In  doss 
apposition  to  ths  implant  surfacs. 

Whtn  Tsflon  tpsclmens  wars  cut,  the 
polymer  detached  from  the  tlseue;  the 
tleaue-lmplant  Interface  was  therefore 
not  aa  easily  and  exactly  defined  aa  for 
titanium  - iplente.  The  acute  Inflammatory 
reeponae  ’urlng  the  flret  week  web  much 
more  pronounced  around  Teflon  Implsnta  ee 
compared  to  titanium  Implants.  The  In- 
flanonetory  cells  were  not  concentrated  on 
the  surface  of  the  Implant.  The  pro¬ 
nounced  acute  reeponse  developed  Into  e 
chronic  Inflaemetlon  with  macrophages  and 
multlnuclestad  giant  calls— but  nsver 
fibroblasts — In  doss  apposition  to  ths 
implant  surfset. 

Thomsen  stated  that  these  observa¬ 
tions  Indlcsts  that  littls  dlrsct  Intar- 
scclon  betwesn  Inflsmeatory  cells  and  the 
surface  of  titanium  and  Teflon  Implants, 
covered  by  a  protslnsceous  material,  oc¬ 
curs  during  the  first  weak  after  implant 
Insertion.  At  later  times,  fibroblasts 
sr#  In  dote  contect  with  the  Implant 
aurface  of  titanium  Implants,  wher^es 
Teflon  Implants  are  still  surrounded  by 
Inflammatory  cells. 
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An«lyl«  of  Inf l«—jitory  Exudaf  in  A,»- 
of  Biocoapatlblllty 
A  raport  on  tha  analyala  of  lnfla»- 
■acory  axudacaa  In  tha  aaaaaanant  of  blo- 
coMpatability  waa  praaanted  by  D.f. 
Wllllaaa  (Inatltuta  of  Madlcal  and  Oantal 
Bloaoglnaartng,  Unlvoralty  of  Llvarpool. 
UK).  Willlaaa  atatad  that  pravloua  atud- 
laa  hava  shown  chat  tha  analyala  of  ax- 
udatas  that  accusulata  within  tha  vicin¬ 
ity  of  Inplantad  davlcaa  nay  provlda  in¬ 
formation  concarnlng  thalr  blocompatabll- 
Ity  charactarlaClca.  Wllllaaa  and  co- 
worktrs  hava  carrlad  out  datallad  studlao 
tn  which  tha  InflaasMtory  axitdnca  chat 
forma  within  tha  luman  of  Iwptantad  tub¬ 
ular  matarlnla  has  baan  analyiad  and 
found  to  ba  vary  Informat Iva  with  raapact 
to  aubCla  dlffarancao  In  blocompatabll- 
Ity.  Sacclons  of  caehacara  maaaurlng  ap- 
proxlaMtaly  50  am  In  langth  and  Intarnal 
dlamatar  of  2  to  4  am  wara  laplantad  In 
rats  and  laft  for  batwaan  1  and  10  waaka. 
At  t^a  and  of  tha  taat  parlod.  tha  Ija- 
planta  wara  carafully  harvaatad  and  tha 
axudata  forming  In  tha  luman  waa  col- 
lactad.  A  blood  aanpla  waa  takan  from  tha 
tall  vain  and  apun  to  ylald  a  aarum  aam- 
pla.  Tha  axudataa  wara  axamlnad  by  as¬ 
saying  markar  antymas.  principally  alka- 
llna  phosphstasa,  and  by  protaln  assay, 
using  tha  tachnlqua  of  slactrof ocualng. 
Spsclmart  stud  las  Includad  a  ranga  of 
alaatomar Ic  and  rigid  csthatara  Including 
varlatlas  of  silicon,  polyvinyl  chlorlda, 
and  polyathylana. 

Tha  slksllna  phoaphataaa  activity 
within  tha  axudata  was  raproduclbly  high 
St  1  waak  but  dacraaaad  axponant tally 
with  tlaia  as  tha  Inflammatory  raaponaa  Co 
tha  trausM  dacraaaad.  Tha  rata  of  loaa  of 
activity,  howavar,  appaarad  Co  ba  ralatad 
to  tha  natura  of  tha  laplantad  matarlal, 
according  to  W'lllama,  with  a  logarithmic 
plot  ytaldlng  a  llnaar  dacraaaa  to  back¬ 
ground  laval — tha  rata  rorralatlng  with 
tha  known  bloc<aapatablllty .  Tha  Isoalac- 
trlc  focttslng  waa  carrlad  out  with  an  LKB 
Hultlphor  II  ualng  Amphollna  praformad 
pnlyacrylaailda  gala  oparatlng  on  a  pH 
grsdlant  frrm  1.5  to  9.5,  and  tha  protaln 
profile  of  rha  axudataa  waa  compared  with 
tha  aarum  of  rli«  aama  anlaia).  No  naw 
paoka  wera  aacti  with  allicon  rubbar  wlian 


tha  axudata  was  compsrtd  to  tha  sarum. 
Howavar,  with  silicon,  albumin  Isvola 
wars  Incrssssd  and  s  nsw  pssk  at  pH  6.3 
was  found.  Othar  cathstsrs  of  grastar 
Irritancy  than  purs  silicon  hava  pro- 
duesd  similar  dlffsrsncts,  according  to 
Williams.  Thus,  Williams  thinks  that  this 
msthod  provldss  qusntlCsClvs  and  quslits- 
tlvs  msthods  for  sssssslng  small  dlffsr- 
sness  In  blocompsCablllty. 

A  Chambar  Tachnlqus  for  Study  of  Calls 
and  Fluids  Nasr  laplantad  Matsrlals 

fhs  dsvsiopmsnt  a  chambar  tach- 
nlgua  for  quantltatlva  studlaa  of  calls 
and  fluid  doss  to  laplantad  maCurlnla 
has  baan  carrlad  out  by  A.S.  Eriksson 
(Dapsrtmant  of  Anatomy,  Unlvarslty  of 
r.0tsbo7g,  Swadsn).  Eriksson  atatad  chat 
nonalloyad  titanium  la  Intagratsd  into 
bona  tlaaua  without  am  Intsrvanlng  layar 
of  connactlva  tlaaua,  and  In  pat  lanes 
traatad  for  adantulouanasa  an  axcallant 
function  can  ba  malntaload  for  dacadas. 
In  ordar  to  undaratand  tha  machanlsma 
bahlnd  tha  haallng-ln  of  blommtsr lala, 
axparlmantal  studlaa  on  tha  Intaractlona 
batwaan  an  Implant  and  surrounding  ctlla 
a**#  aaaantlal.  kacsnc  atudlaa  by  Eriksson 
and  eoworkara,  ualng  quantltatlva  morpho¬ 
logical  tschnlquas  hava  provldad  naw  in¬ 
formation  about  tha  haaling-ln  of  im- 
planta  In  aoft  and  hard  tlaauas.  Thalr 
rasulta  hava  auggaatad  chat  tha  aarly  tn- 
taraetlona  batwaan  tha  Implant  and  calla 
ara  of  graat  laportanca  for  tha  aubaa- 
quant  atructura  of  tha  aurroundlng  tla¬ 
aua  . 

In  tha  praaant  study  a  chambar  tach- 
ntqua  waa  davalopad  to  anabla  tha  axaml- 
natlon  of  small  amounts  of  Implant-sur¬ 
rounding  calla  and  axtracallular  fluids. 
A  porous  chamber  conalstlng  of  a  ramov- 
abla  distal  portion  mads  of  pura  titanium 
or  Taflon  connactad  to  a  proximal  plats 
with  an  attachad  cylindrical  portion,  waa 
Inaartad  into  tha  abdominal  wall  of  rata. 
After  a  skin  axclslon  and  ramoval  of  a 
cover  acrew  on  top  of  tha  cyllndar  of 
tha  titanium  chambar,  tha  axudata  waa  re- 
triaved  8  houra  to  15  days  after  aurgary 
(10  rats).  Tha  axudata  was  collacted  by 
washing,  ualng  an  automatic  plpetta 
(giving  a  total  of  I50  gt).  The  evils 
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irara  countad  and  thalr  typaa  and  propor> 
tlona  dataralnad  on  crtocantrlfuga  prapa> 
rationa.  Aftar  atparaclon  of  cha  calla 
tha  protaln  contanC  of  tha  fluid  waa 
analytad  alaccrophorattcally.  In  tha  tl- 
canlua  chanbara  tha  nuabar  of  lauVocytca 
aloviy  Incraaaad  batwaan  8  houra  and  9 
daya.  PMN  pradoalnatad  at  aach  tlaa  point 
atudlad  but  thair  ralativa  propurtiona 
dacraaaad  with  tlaa  (97  parcant  at  8 
hours,  70  parcant  at  15  dnys).  Aaong  tha 
aononuclear  calla,  aonocytaa  wara  two  to 
four  tlaaa  anra  fraquant  than  lyapho- 
cytaa.  Taflon  chaabara  wara  atudlad  1  to 
9  daya  aftar  Inaartlon  (20  rata).  Tha 
nuabar  of  Inflaaautory  calls  wara  higher 
as  cowparad  to  those  of  tha  tltanlua 
chaabara  and  alraady  apparent  1  day  after 
Inaartlon.  A  large  Increase  In  tha  nuabar 
of  calla  (aalnly  PMN)  was  evident  between 
3  and  6  days  (tha  aaount  of  calls  about 
four  tlaaa  thusa  present  In  tha  tltanlua 
chaabara).  Tha  aaount  of  axudata  was 
higher  In  the  Taflon  chaabara.  Ualng  tha 
alactrophoratlc  techniques  It  was  pos¬ 
sible  to  datamlna  tha  proteins  In  tha 
saall  aaount  of  axudata  fluid  ratrlavad 
froa  tha  tltanlua  chaabara. 

Thus,  using  tha  chaabar  technique 
described  above,  It  appears  that  saall 
aaounts  of  calls  and  fluid  cloaa  to  la- 
plantad  bloaatarlals  can  be  analysed  in 
a  quantitative  aannar.  According  to 
Eriksson,  this  technique  la  presently 
being  used  to  Increase  our  knowledge 
about  cellular  algratlon,  accuaulatlon, 
activation,  and  secretory  properties  aa 
well  aa  Interfaclal  fluid  coaposltlon  In 
relation  to  Implanted  foreign  aatarlala. 

6  ilOADRESION 

Interaction  of  Cells  with  Polymer  3ur- 

facea 

The  Interaction  of  cells  with  poly¬ 
mer  surfaces  was  discussed  by  J.  Paljen 
(Department  of  Chemical  Technology,  Uni¬ 
versity  of  Twente,  Enschede,  tha  Nether¬ 
lands).  Paljen  stated  that  the  Interac¬ 
tion  of  calls  with  pol3rmar  surfaces  de¬ 
pends  on  both  the  character  of  the  call 
and  substrate  surfaces  and  on  the  type  of 
medium  used.  In  order  to  obtain  more  In¬ 
sight  Into  the  adhesion  phenomena,  well- 


characterized  substrates  are  required 
and  the  properties  of  tha  call  surfaces 
have  Co  be  determined.  According  to 
Paljen,  adhesion  of  cells  onto  polymer 
surfaces  only  takes  place  when  Che  change 
In  Che  Hclmhols  free  energy  Is  negative. 
Long-range  Interactions  can  be  described 
by  the  DLVO  theory,  whereas  a  proper  de¬ 
scription  of  short-range  Interactions  Is 
not  yet  available.  The  presence  of  pro¬ 
teins  in  the  cellular  medium  usually 
leads  to  protein  adsorption  at  the  poly¬ 
mer-liquid  Interface  which  may  strongly 
influence  the  adhesion  phenomena,  ac¬ 
cording  to  Peljan. 

In  order  to  study  cellular  Interac¬ 
tions  with  polymer  surfaces,  Paljen  and 
coworkers  synthesized  a  series  of  maCha- 
crylata  (co)  polymers  with  varying  sur¬ 
face  hydrophoblclty ,  charge,  and  chain 
mobility.  The  surfaces  were  characterized 
with  tha  Wllhalmy  plate  technique  (wet¬ 
tability  and  mobility)  and  streaming  po¬ 
tential  measurements  (seta  potential). 
Tha  adhesion  of  four  strains  of  coag- 
ulasa-negatlve  staphylococci  (CNS)  with 
different  surface  hydrophoblclty  and 
charge  onto  polymers  waa  studied  using  a 
perfusion  cell.  Peljan  and  coworkers 
found  that  the  rate  of  CNS  adhesion  onto 
poeltlvaly  charged  surfaces  was  signif¬ 
icantly  higher  than  onto  all  other  sur- 
facaa.  Introduction  of  negatively  charged 
mathacryllc  acid  residues  Into  the  co¬ 
polymer  did  not  decrease  the  rate  of  CNS 
adhesion  as  compared  to  that  on  pure  poly 
(methyl  methacrylate).  Lower  rates  of  ad¬ 
hesion  and  low  plateau  valuea  were  ob¬ 
served  when  CNS  ware  exposed  to  hydro- 
phytic  copolymers. 

Human  endothelial  calls  (HEC)  Iso¬ 
lated  from  umbilical  cord  were  contacted 
with  the  same  polymers  In  a  modified  "11- 
onlque"  growth  chamber.  In  tha  presence 
of  serum  containing  culture  medium,  the 
higheat  adhealon  wee  found  on  asoderately 
wetteble  copolymere.  Furthermore,  high 
numbere  of  HEC  were  obeervad  on  poeltlve- 
ly  charged  copolymere.  In  aarua-free  me¬ 
dium,  HEC  adhered  onto  the  charged  co¬ 
polymere  but  not  onto  hydrophilic,  hydro- 
xyethyl -methacrylate-containing  copoly- 
mera.  Under  theae  condltlona,  complete 
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call  spreading  vas  only  observed  on  the 
positively  charged  copolymers. 

Staphylococcal  Adhesion  to  Cartilage  end 
Collagen  In  Intra-arclcular  Sepals 

Work  on  this  subject  was  discussed 
by  A.C.  Cristina  (Section  of  Orthopedic 
Surgery  and  Department  of  Pathology,  Wake 
Forest  University  Medical  Center,  Win¬ 
ston-Salem,  North  Carolina).  Cristina 
stated  that  the  ability  of  certain 
strains  of  Staphyloaoaaue  eairsua  to  spe¬ 
cifically  bind  collagen  la  believed  to 
be  a  vlrulence-ralatcd  characteristic. 
Binding  to  collagen  la  a  hlgh-affinlty, 
strain-specific,  reversible  Interaction. 
S.  aurma  Is  an  Important  pathogen  in 
musculoskeletal  sepsis,  and  it  has  been 
suggested  that  binding  to  collagen  Ic  a 
relevant  mechanism  In  the  adherent  colon¬ 
isation  of  cartilage  and  bone  and  amy  be 
particularly  Important  In  the  pathogene¬ 
sis  of  Intra-artlculer  Infections  and  oa- 
teomy-’i  i  1 1 s.  Previous  studies  by  Grlstlns 
and  coworkers  have  demonstrated  the  role 
of  microbial  adhesion  in  osteomyelitis 
end  blomaterlal-centered  infections.  In 
this  report  Cristina  presented  scanning 
electron  microscopic  (SEM)  and  transmis¬ 
sion  electron  microscopic  (TOt)  studies 
of  direct  retrievals  of  tissue  from  In¬ 
fected  Joints  In  man,  demonstrating  the 
suggested  microbial  adhesion  to  cartilag¬ 
inous  surfaces.  In  addition,  their  find¬ 
ings  were  reproduced  In  a  rabbit  model, 
showing  direct  bacterlal-to-collagen  fi¬ 
ber  contact.  The  in  ifivo  retrievals  and 
animal  studies  carried  out  by  Cristina 
and  coworkers  suggest  that  the  pathogene¬ 
sis  of  Joint  eepsla  la  directly  related 
to  microbial  receptor-collagen  adhesion 
and  that  bacteria  on  cartilaginous  sur¬ 
faces  are  surrounded  by  extracellular 
polysaccharides,  which  fora  a  continuum 
between  the  beets: la  and  the  cartilage 
stirface  and  adjacent  aggegetlng  orga¬ 
nisms.  According  to  Cristina,  his  group's 
studies  also  suggest  that  cartilage  (and 
probably  collagen)  rather  than  synovium 
is  the  specific  target  for  microbial  ad- 
healon  in  Joint  sepsis.  Collagen,  es  e 
component  of  conditioning  films  about 
blosMterlale  may  also  ba  s  site  for  mi¬ 
crobial  adhesion. 


Interactions  and  Bloadheslve  Behavior  of 
PAA-Contalnlng  Polymer  Discs 

The  interactions  and  bloadheslva  be¬ 
havior  of  polymar  dlsca  containing  poly- 
acryllc-acld  (PAA)  wets  studied  with 
bovine  sublingual  mucus  and  tissua  by 
C.  Ponchel  (Laboratolre  de  Pharmacia 
Geldnlque  at  de  Biopharmacle  U.A.^  CNRS 
1218.  Unlvorsltd  de  Perla-Sud,  Chatsnay- 
Malabry,  Prance).  The  discs  wars  prepared 
from  PAA  and  hydroxylpropyl  methylcallu- 
losa  and  wara  surfaca-preswollan  for  10 
mlnutae  using  watar  at  pH  5.9.  Tha  ad- 
haaiva  Intaractlon  was  measured  at  26*C 
using  a  modlflad  tsnslls  tsstar.  It  was 
found  that  tha  bioadhatlva  bond  atrangth 
la  a  function  of  the  PAA  eontsnc  up  to 
tha  level  of  spproxlmstaly  50  weight  par- 
cant.  The  fracture  bloadheelon  mechanism 
wss  usad  to  analyst  tha  ratults,  and  tha 
work  for  adhaalon,  fractura  enargy,  mod¬ 
ulus  of  tha  owollan  layara.  and  Inter- 
f/ictal  fractura  dapth  were  mensured. 
UHlng  a  dlffualonal  analysis,  the  pene¬ 
tration  dapth  of  PAA  chains  in  the  mucus 
waa  also  calculatad  and  found  to  be  the 
same  ee  the  fracture  depth.  Thus,  during 
bioadheslon,  tha  rupture  of  these  bonds 
occurs  beyond  the  mucus/polymer  Inter¬ 
face.  The  results  wars  verifltd  by  slec- 
tron  microscopic  atudlss.  Finally,  ac¬ 
cording  to  Ponehsl,  strsas-relaxatlon 
exi>er intents  established  the  dynamic  be¬ 
havior  of  the  bloadheslve  phenooenoo. 

Interaction  of  Modified  HPMA  Copolymers 
with  Rat  Intestlns 

Tha  interaction  of  modlflad  N-(2- 
hvdroxyJ propyl)  methacrylate  (HPMA)  co- 
polymera  with  adult  rat  Inteatlue  waa 
reported  by  J.f.  Rrldges  (nepertmeiit  of 
Hlologlcel  Sclencee,  Unlveialty  of  Keele. 
UK).  Copolymers  of  HPMA  containing  cat¬ 
ionic  ( crime thylsmmonlum  chloride)  real- 
du,ia  ,.r  eugare  (geleccoeemlne ,  nan- 
nosemlnc ,  glucoeismlne,  fucoeylemlne,  or 
galactoee)  were  synthaelted  by  Bridges 
and  her  cowot ^ers  end  teeted  t«  vitrv  ae 
potential  Intestinal  bioadheelves.  The 
cationic  *^*I-labeled  ^TPMA  copolymer  wae 
found  to  exhibit  conexderable  region- 
independent  inteeClnel  bloec'>nlon.  Al¬ 
though  tncorporetlon  of  emlno-eugar  resl- 
duee  Into  ^^^I-labeled  HPMA  copolymers 
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producad  lass  tlsaua  asaoclatlon  than 
obaarvad  with  tha  cationic  darivatlve, 
thaaa  augar-contalnlng  polynara  ahowed 
binding.  Incorporation  of  galactcaanlna 
raalduea  potentiated  bloadhaalon  In  Che 
duodenua  and  tha  flrat  part  of  tha  jeju- 
nua«  whereas  fucoaylaalna  potentiated 
bloadhaalon  in  tha  third  part  of  the  je- 
junua.  Bloadhealon  was  Increased  If  the 
aalno-sugar  was  hound  to  the  polyner 
backbone  via  a  ncndegradabla  glycylgly- 
clna  spacer,  rather  than  directly  con¬ 
jugated  to  tha  polyaar  backbone.  Studies 
with  copolyaar-conjugatad  colloid  gold 
probes  showed  that  the  copolyaers  aarkad- 
ly  adhere  to  tha  acid  aucopolyaaccharlde 
portion  of  the  Intestinal  aucln. 

Bridges  stated  that  prallainary  in 
vivo  exparlaants  have  aupporcud  tn 
vitro  data.  Following  oral  adalnlatratlon 
of  *^^l-labeled  HPMA  copolyaara  to  rata 
(1  hour),  unaodlfled  polyaar  allowed  60 
percent  of  tha  dose  adalnlsterad  In  the 
saall  Intastlna  (all  In  tha  llaua).  In¬ 
corporation  of  galactosaaina  residue 
slowed  transit,  72  percent  of  Che  dose 
present  In  tha  smII  Intastlna  after 
1  hour,  was  aqtully  distributed  In  the 
stoaach,  duodanua,  and  jajunua  but  not 
detacted  In  the  llaua.  HPMA  copolyaers 
containing  fucosoylaalna  had  the  slowest 
transit  tlaa;  97  percent  of  the  dose  was 
still  present  In  the  small  Intastlna 
after  1  hour,  and  of  this  73  percent  was 
located  In  tha  jajunua. 

Adhesion  of  Endothelial  Call  Co  Vascular 
Prosthetic  Surfaces 

Studies  of  endothelial  call  adhesion 
to  vascular  proschaclc  surfaces  ware  pre¬ 
sented  by  D.  Couravltch  (Department  of 
Surgery  and  Pathology,  Eaat  Blralnghaa 
Hospital,  University  of  Blralnghaa,  UX) . 
Improving  the  long-term  patency  of  small 
dlsMtar  prosthetic  grafts  (lass  than 
4  BB,  Internal  diameter)  reaalns  an  la- 
portanC  but  elusive  objective  In  car¬ 
diovascular  surgery,  according  to  Gou- 
revltch.  In  pursuit  of  a  nonthroabogenlc 
surface,  Couravltch  and  coworkers  have 
cultured  huaan  adult  endothelial  cells 
(HEC) ,  and  examined  their  adhesive  prop¬ 
erties  and  their  ability  to  colonize  the 
Inner  surface  of  a  Dacron  graft. 


HEC  were  harvested  and  cultured  on 
plastic  petrl  dishes.  To  examine  cell 
adhesion,  endothelial  cells  were  labeled 
with  Indium  and  Innoculated  onto  Dacron 
wells  which  had  been  prepared  with  either 
cold  insoluble  globulin  (CIG),  1  percent 
gelatin,  alginate,  or  left  untreated  as 
control.  At  20-alnute  Intervals,  the 
wells  were  irrigated  and  the  radioactiv¬ 
ity  of.  the  supernatant  was  measured.  The 
mean  percentage  cell  adhesion  to  CIG  and 
gelatin  at  100  minutes  was  83.2  and  82 
percent  respectively,  whereas  alginate  at 
61.8  percent  and  the  control  at  53.5  per¬ 
cent  showed  lass  adhesion. 

In  slallarly  prepared  Dacron  wells, 
growth  wca  allowed  to  continue  for  96 
hours  at  37*C.  Cells  were  released  with 
trypsin  EDTA  and  counted  using  a  hemo- 
cytoaeter  In  conjunction  with  the  trypan 
blue  exclusion  test.  Cell  growth  exceeded 
2.5x10^  cells/al  on  CIG  and  gelatin,  but 
was  never  aore  than  5x10**  cells/al  when 
using  alginate  or  an  upcoated  Dacron  sur¬ 
face. 

Finally,  endothelial  cells  were  sub- 
cultured  at  a  high  concentration  (greater 
than  3.3x10^  cells/al)  onto  CIG  pre¬ 
treated  Decron  prosthetic  aster lal,  as 
square  pieces  (1x1  ca)  and  tubes 
(3  cax5  wm  Internal  dlaaeter).  Scanning 
electron  microscopy  showed  csll  growth  on 
all  17  Dacron  squares  and  on  seven  of  the 
12  tubes.  The  endothelial  call  monolayer 
was  confluent  In  10  of  the  Dacron  squares 
and  In  five  tubes.  Thus,  the  results 
showed  that  cultured  endothelial  cells 
adhere  aost  effectively  to  Dacron  vascu¬ 
lar  grafts  pretreated  with  CIG,  and  can 
develop  as  e  confluent  aonoleyer  to  fora 
a  natural  flow  surface. 

Adhesion  of  Celle  to  Silicon  Substrate 

Studies  on  cell  adhesion  tV  eilicon 
substrata  were  reported  by  H.  Grattarola 
(Biophysical  and  Electron  Engineering  Da- 
partaent,  SGS  Microelectronics,  Genoa, 
Italy).  According  to  Grattarola,  the 
controlled  growth  of  cellular  assemblies 
on  Integrated  circuits  Is  a  challenging 
goal,  with  far-reaching  Implications  In 
both  biology  and  electronics.  He  thinks 
that  one  of  the  primary  steps  to  be  taken 
towards  this  goal  Is  the  characterization 


)4 


of  eho  adhesion  of  calls  eo  silicon  sub- 
scraCa. 

Gratcarola  and  his  group  scudiad  tha 
adhesion  of  huaan  rad  blood  calls  (rbe's) 
to  silicon  derivatives.  They  also  started 
to  grow,  on  silicon  derivatives,  cells  of 
the  rat  PC12  line.  In  the  case  of  rbe's, 
cell  adhesion  to  silicon  wafers  (covered 
with  dioxide  of  various  depths  and  with 
various  doplns)  was  coapared  with  adhe¬ 
sion  to  glass.  Tha  adhesion  of  the  rbe's 
was  tested  by  allowing  the  cells  to  set¬ 
tle  for  SO  alnutes  onto  the  substrata, 
which  were  inserted  in  a  revolving  bar. 
The  bar  was  then  revolved  and  the  rbe's 
were  allowed  to  detach  under  gravity  for 
a  30-«lnute  period.  The  adhering  cells 
were  viewed  before  and  after  the  traat- 
■ent  under  reflection  nicroscopy  condi¬ 
tions  by  naans  of  a  television  caaera. 
The  dlgitallrcd  images  were  then  analyied 
and  the  percentage  of  adhering  cells 
evaluated.  Buffera  of  two  different  ionic 
stre  igtha  were  used. 

Under  these  experlnental  conditions, 
the  adhesion  of  rbe's  to  silicon  dioxide 
was  found  to  compare  favorably  with  that 
to  glass  substrata.  The  cell  behavior  at 
different  ionic  strengths  suggested  the 
existence  of  molecular  contacts  between 
cells  and  substrata,  according  to  Grat¬ 
carola.  This  is  a  crucial  prerequisite 
for  a  functional  coupling  of  living  cells 
to  integrated  circuits.  In  the  esse  of 
PC12  cells,  their  growth  on  silicon  sub- 
strsta  was  compared  to  the  growth  under 
standard  conditions.  Grattarola  stated 
that  the  preliminary  data  obtained  seem 
to  indicate  a  comparable  growth. 

7  DRUG  DELIVar  SYSTEMS 

Polymeric  Mlcrospherea  as  Drug  Carriers 

A  review  of  pol3rmerlc  alcrospheres 
as  drug  carriers  was  presented  by  S.S. 
Davis  (Department  of  Pharmacy,  University 
of  Nottingham,  UK).  Davis  stated  that  In 
research  on  drug  delivery  the  following 
requirements  must  be  met  for  an  effective 
drug  delivery  method.  These  are  that  the 
drug  systems  must:  (1)  accumulate  at  the 
required  site;  (2)  be  released  at  Che 
appropriate  site;  (3)  must  be  stable  in 
vitro  (adequate  shelf-llfa);  and  (4)  be 


nontoxic  and  biodegradable  and  so  must 
be  nonlmmunogenlc .  According  to  Davis, 
solution  of  these  requirements  is  a  dif¬ 
ficult  problem.  Tha  levels  of  targeting 
Include  the  following:  (1)  organ,  (2) 
cell,  and  (3)  intracellular  (nucleus, 
Golgi,  cytoplasm,  lysosomes).  In  the 
liver,  for  example,  one  may  want  Co  tar¬ 
get  a  drug  CO  a  discrete  part  of  the  or¬ 
gan  such  as  the  Kupfar  or  endothelial,  or 
parenchymal  calls. 

Although,  for  example,  a  great  ad¬ 
vantage  of  using  polymeric  mlcrosphures 
aa  drug  carriers  is  that  Che  drug  could 
be  delivered  directly  to  tumor  cells, 
there  are  many  problems  to  be  resolved. 
Davis  cited  some  examples  such  as:  (1) 
Che  anatomical  location  of  Che  tumor, 
(2)  blood  supply  to . the  tumor,  (3)  the 
structure  and  permeablHty  of  Che  tumor 
microcirculation,  and  (4)  Che  carrier 
system  and  sequestration  (by  other  sites 
in  the  body  such  as  the  reticuloendothe¬ 
lial  system) .  Some  barriers  to  drug  tar¬ 
geting  Include  capture  by  Che  reticulo¬ 
endothelial  ayotem  and  escape  from  tha 
vascular  system.  Foreign  material  (drug 
delivery  system)  may  also  be  captured  by 
monocytes  and  circulating  oacrophagas  in 
the  blood. 

Studies  on  the  use  of  adsorbed  and 
grafted  copolymers  have  shown  that  co¬ 
polymers  can  alter  processes  of  uptake 
onto  particle  surfaces  (opsonlsatlon)  as 
well  aa  the  interaction  of  particles  with 
macrophages  (cell-perticle  adhesion) .  It 
has  been  found  Chat  the  selection  of  the 
appropriate  coating  material  makes  it 
possible  Co  direct  particles  within  the 
body  to  organs  such  aa  the  lung,  liver, 
bone  marrow,  or  to  retain  materials  with¬ 
in  the  systemic  circulation. 

Biodegradable  Hollow  Fibers  for  Con¬ 
trolled  Release  of  Drugs 

A  report  on  biodegradable  hollow  fi¬ 
bers  for  the  controlled  release  of  drugs 
was  presented  by  J.M.  Schakanraad  (Labo¬ 
ratory  for  Histology  and  Center  for  Medi¬ 
cal  Electron  Microscopy,  University  of 
Groningen,  the  Netherlands).  The  reaearch 
was  carried  out  as  a  collaborative  pro¬ 
ject  with  sciencista  from  Che  University 
of  TWente,  Enchede,  and  the  Plastics  and 


Rubber  Research  InsCltute,  Delft,  the 
Netherlands.  These  Investigators  recently 
developed  hollow  fibers  of  poly-L-lactlc 
acid  (external  diaaeter  0.7  wm,  wall 
thickness  of  0.05  am)  for  controlled  re¬ 
lease  of  highly  active  drugs  over  periods 
of  wore  than  9  aonths.  The  fibers  are 
injected  subcutaneously  and  can  easily  be 
removed,  if  necessary,  by  a  small  inci¬ 
sion,  according  to  Schakenraad.  The  prime 
feature  of  this  reservoir  device  la  its 
aero  order  drug  release;  using  a  dry-wet 
coagulation  spinning  process,  the  oem- 
branc  perweablllty  can  be  adjusted  to 
achieve  optioal  release  rates  for  a  wide 
variety  of  drugs  such  as  pregnancy  con¬ 
trol  drugs,  cytostatics,  leutinlzing  re¬ 
leasing  homone,  etc.  After  release  of 
the  drug,  the  poly-L-lactlc  acid  fiber 
should  degrade  coopletely,  in  aitu,  ac¬ 
cording  to  Schakenraad. 

In  their  pilot  nodal,  Schakenraad 
and  coworkers  filled  the  fibers  with  a 
pregnancy  control  drug  (levonorgestrel) 
suspended  in  castor  oil,  and  both  ends 
were  heat-sealed.  In  vivo  release  studies 
in  rats  showed  a  sero  order  release  of 
2.4  ug/day/flber.  Biodegradation  of  the 
fibers  was  aeasured  by  detemlnation  of 
■olecular  weight  and  by  stress-strain  ex¬ 
periments.  A  65-percent  loss  of  mechan¬ 
ical  strength  within  4  aonths  was  ob¬ 
served  without  functional  loss.  No  deg¬ 
radation  was  observed  aorphologlcally  up 
to  6  aonths. 

According  to  Schakenraad,  tissue  re¬ 
action  towards  the  polylactlc  fiber  can 
be  described  as  a  very  moderate  foreign 
body  reponse.  These  cells  were  very  ac¬ 
tive  as  judged  by  the  presence  of  mito¬ 
chondria,  Golgi  apparatus,  endoplasmic 
reticulum,  and  many  vesicles.  At  2  months 
after  implantation,  a  cell-poor  area 
mainly  containing  collagen  and  few  fibro¬ 
blasts  was  observed  around  the  fiber.  In 
all  stages  after  implantation,  blood  ves¬ 
sels  were  observed  growing  towards  the 
fiber,  ensuring  the  uptake  of  hormone  in 
the  blood. 

A  New  Bioerodible  Polyphoaphasene  Matrix 
System  for  Controlled  Release 

Studies  on  controlled  release  using 
a  new  bioerodible  polyphoephazene  matrix 


system  were  presented  by  C.T.  Laurencin 
(Department  of  Applied  Biological  Sci¬ 
ences,  Massachusetts  Institute  of  Tech¬ 
nology)  .  This  research  was  carried  out  in 
collaboration  with  scientists  from  the 
Department  of  (Hiealstry,  Harvard  Univer¬ 
sity,.  and  Pennsylvania  State  University. 
Polypbosphazenes  are  hlgh-molecular- 
welght  polymers  with  backbones  consisting 
of  nitrogen  and  phosphorous  atoms  sepa¬ 
rated  by  formally  alternating  single  and 
double  bonds.  According  to  Laurencin, 
their  potential  for  biomedical  applica¬ 
tions  stems  from  the  fact  that  polymers 
with  a  wide  array  of  properties  can  be 
synthesized  using  the  same  starting  com¬ 
pound,  poly (dlchlorophosphazene) ,  through 
changes  in  side  chain  substituents.  Many 
of  these  polymeric  materials  that  have 
been  synthesized  have  been  found  to  bio¬ 
degrade  to  harmless  products. 

Laurencin  and  coworkers  designed  a 
novel  monolithic  bioerodible  polyphospha- 
zene  matrix  system,  and  they  carried  out 
preliminary  studies  assessing  its  poten¬ 
tial  for  use  in  drug  delivery.  The  system 
utilized  poly  (Imidazole  methylphenoxy) 
phosphazene  in  formulations  consisting  of 
20  percent  and  45  percent  substituted 
imidazole  side  chain  groups  respectively. 
Both  polymers  showed  reproducible  degra- 
tlon  profiles  that  were  dependent  on 
imidazole  content.  Using  p-nltoenlllne  as 
a  model  molecule,  release  from  poly- 
phosphazene  matrices  appeared  to  follow 
diffusional  release  kinetics.  A  study  of 
in  vitro  and  in  vivo  release  took  place 
for  approximately  1000  hours  with  the 
in  vivo  profile  demonstrating  a  lag  per¬ 
iod  of  approximately  80  hours.  Polypep¬ 
tide  release  was  demonstrated  using 
bovine  serum  albumin.  P.elease  from  these 
matrices  was  characterized  by  a  burst  of 
almost  25  percent  followed  by  a  steady 
release  for  over  1000  hours.  This  burst 
of  release  was  eliminated  through  the 
Inclusion  of  a  coating  step  in  fabrica¬ 
tion. 

Electron  microscopy  studies  of  20- 
percent  Imidazole-substituted  polymers 
revealed  their  surfaces  to  be  smooth  with 
only  minor  Irregularities.  After  1000 
hours  of  degradation,  matrices  took  on  a 
more  irregular  appearance;  however,  no 


larg«  crevices  or  defects  were  noted. 
Prellainary  histological  studies  of  the 
20-percent  iaddazole-substltuted  polyaers 
subcutaneously  laplanted  in  rats  for 
1  aonth  revealed  intact  polyaer  surround¬ 
ed  by  a  fibrous  capsule.  No  gross  areas 
of  surrounding  Inflaamatlon  were  found. 

Laurencin  thinks  that  through  the 
use  of  this  novel  aonollthlc  polyphospha- 
sene  matrix  system,  low-taolecular-velght 
molecules  as  well  as  polypeptides  can  La 
reproducibly  released  over  prolonged  per¬ 
iods  of  time.  He  stated  that  the  versa¬ 
tility  found  In  this  system  presents  pos¬ 
sibilities  for  a  variety  of  controlled 
release  applications. 

Imaging  of  Blomatertals  and  Drug  Delivery 
Systems 

A  discussion  of  methods  for  the 
Imaging  of  blomaterlals  and  drug  delivery 
systems  was  given  by  M.C.  Davies  (Depart¬ 
ment  of  Pharmacy,  University  of  Notting¬ 
ham,  UK).  According  to  Davies,  surface 
reaction  and  Interactions  are  critical 
phenomena  In  the  In-llfe  performance  of 
many  blomaterlals.  The  study  of  Inter- 
faclal  chemistry  requires  the  availabil¬ 
ity  of  suitable  techniques  for  the  char¬ 
acterization  of  such  surfaces.  Davies 
presented  an  overview  of  the  potential  of 
static  secondary  Ion  mass  spectrometry 
(SSIMS)  and  SIMS  Imaging  for  the  surface 
chemical  analysis  of  polymeric  surfaces 
employed  In  blomaterlals  and  drug  de¬ 
livery  technologies.  SSIMS  provides  a 
mass  spectrum  of  the  surface  which  may  be 
readily  Interpreted  by  normal  mass  spec¬ 
trometry  rules.  According  to  Davlf,  the 
high  sensitivity  and  degree  of  molecular 
specificity  of  the  technique  can  provide 
a  unique  Insight  on  the  surface  chemical 
structure  of  polymeric  blomaterlal  sur¬ 
faces. 

SSIMS  permits  the  qualitative  and 
quantitative  characterization  of  the  sur¬ 
face  chemical  morphology  of  polymeric 
blomaterlal  interfaces  of  natural  (for 
example,  hydroxypropyl  cellulose)  and 
synthetic  (for  example,  polylactlde)  ori¬ 
gin,  and  their  aubsequent  modification 
by  chemical  treatmentH  such  as  grafting, 
oxidation,  and  glow  discharge  treatments 
to  Improve  blocompatablllty.  Similarly, 


SSIMS  can  permit  the  qualitative  and 
semlqualltatlve  determination  of  the  sur¬ 
face  presence  of  molecules — for  example, 
drugs,  plasticizers,  contaminants,  etc. 
SSIMS  may  also  be  employed  to  gain  an 
Insight  Into  the  nature  of  protein  de¬ 
position  on  polymeric  surfaces;  l.e., 
even  or  patchwlse  distribution  of  the 
protein  molecules. 

SIMS  Imaging  provides  two-dimension¬ 
al  chemical  mapping  of  the  surface  of  a 
blomaterlal,  permitting  the  elucidation 
of  the  dltrlbutlon  of  molecules — for  ex¬ 
ample,  drugs,  mould  lubricants,  etc.— and 
protein  deposition  on  a  blomaterlal  sur¬ 
face. 

A  report  on  the  use  of  a  soluble 
s}mthetlc  polymer  for  targeting  and  con¬ 
trolled  release  of  anticancer  agents  was 
presented  by  R.  Duncan  (Department  of 
Biological  Sciences,  University  of  Reele, 
UK).  This  was  a  collaborative  study  with 
researchers  at  the  Institute  of  Macro- 
molecular  Chemistry,  Czechoslovak  Academy 
of  Sciences,  Prague,  Czechoslovakia.  Con¬ 
jugates  of  N-(2-hydroxylpropyl)methacry- 
late)HFHA)  copolymers  and  anticancer 
agents  daunomycln  (DNM)  ,  adrymlcln  (ADR) , 
and  sarcolysln  (SLE,  also  called 
mephalan)  were  synthesized  and  tested 
against  a  variety  of  tn  vitiv  tumors 
(L1210,  CRP,  hepatoma,  melanoma  and 
Walker  sarcoma).  Activity  against  tumor 
cells  in  ifitTV  was  shown  to  be  dependent 
on  the  peptldyl  side  chain  used  to  bind 
polymer  to  drug  as  well  as  on  the  drug 
used  (certain  calls  were  more  sensitive 
to  one  particular  compound)  and  on  the 
Incorporation  of  molecules  Into  the  drug- 
conjugate  (carbohydrates,  hormones,  or 
proteins)  shown  to  promote  specific  cell- 
surface  binding,  i.o.,  targeting. 

HFMA  copolymer-DNM  or  -ADR  conju¬ 
gates  administered  Intraperltoneally  were 
found  to  be  very  affective  against  10^ 
L1210  colls  administered  IntraperiLonenl- 
ly  to  DBA  mica  If  Che  drug  was  bound  via 
a  biodegradable  peptide  spacer.  Nonde- 
gradable  conjugates  were  completely  in¬ 
active.  Incorporation  of  carbohydrntc 
residues  (galactoNsmlne  or  fucosylamlne) 
potentiated  tumor  activity  under  certain 
experimental  conditions.  It  was  also 
found  that  conjugated  drugs  could  be 


8  CONCLUSIONS 


adalnlstered  at  more  than  10  tlaes  tha 
optlaua  tolarated  dost  of  free  drug  vlth 
no  apparent  toxicity.  Drug  conjugates 
adalnlstered  intraperltoneally  were  also 
shown  to  Increase  the  life  span  of  DBA 
alee  bearing  a  L1210  tuaor  subcutaneous¬ 
ly.  Thus,  preparation  of  radiolabeled 
polyaer  conjugates  has  enabled  a  compara¬ 
tive  study  of  the  pharmacokinetics  of 
free  and  polyaer-bound  drug.  Furthermore, 
both  the  British  and  Czech  groups  have 
patent  applications  for  their  synthetic 
polymeric  antlcaiicer  drugs. 


This  interesting  and  timely  confer¬ 
ence  on  the  study  of  Interactions  between 
biotechnology  and  materials  showed  that 
fundamental  studies  of  cell  surface/ 
activity  have  their  application  In  clini¬ 
cal  environments  and  chat  new  molecules 
introduced  through  biotechnology  can  In¬ 
fluence  cell  activity.  Furthermore,  It 
was  apparent  that  new  techniques  for  ob¬ 
serving  and  measuring  such  behavior  are 
constantly  being  developed. 
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